A more than IO-fold difference in the specificity and catalytic efficiency for lnaphthyl esters was measured between two allozymes of esterase4 from Drosophila mojavensis. This difference is mainly caused by a difference in the affinity for the 1 -naphthyl esters. The amino acid compositions of the allozymes are not significantly different, which means that the difference in primary structure is small. Small differences in primary structure generally do not result in such a large increase in catalytic efficiency and such a large shift in substrate specificity as was found in the present study.
Introduction
showing a preference for I-naphthyl esters on gel had together a frequency of 15%. These four alleles were discovered in stocks that had originated from different localities, and they fall into three distinct electrophoretic classes, which indicates that it is a true polymorphism . The four alleles coding for enzymes showing preference for I-naphthyl esters on gel were found in stocks originating from the peninsula of Baja California and islands in the Gulf of California. They were not found in stocks from the mainland in Mexico or the United States (Zouros and D'Entremont 1980; . The A426-100a stock, homozygous for an esterase-4 allozyme showing preference for I-naphthyl esters on gel, originates from Baja California (Zouros and D'Entremont 1980) . The BI-86P stock, homozygous for an esterase-4 allozyme showing preference for 2-naphthyl esters on gel, originates from the Sonoran desert (E. Zouros, personal communication) .
The allozymes of esterase-4 with a preference for 1-naphthyl esters resemble the bacterial enzymes directed toward novel substrates in vivo found by selection of spontaneous mutants (Hall and Knowles 1976; Hall and Zuzell980; Hall 198 1; Thurberville and Clarke 198 1) . Enzyme variation within a species can be used to investigate the importance of natural selection in the initial stages of evolutionary changes of enzymes. Unlike comparisons between species, the effect that alternative biochemical phenotypical characteristics-i.e., catalytic properties-may have on physiological function and fitness can be tested by correlating differences in catalytic efficiency (in hat and/ or k&KM; Hall and Koehn 1983; Koehn et al. 1983) or substrate specificity (in k& I&; Cornish-Bowden 1979) between allozymes with physiological variation . To date, no study fully describes the adaptive molecular mechanism of an enzyme polymorphism and only very few (Place and Powers 1979, 1984; Mane et al. 1983 ) appreciate the importance of the parameters kat and k&KM . In the present study, the kinetic parameters of two allozymes of esterase-4 were determined, as a first step toward elucidation of the molecular characteristics of this enzyme polymorphism.
Material and Methods

Materials
Naphthyl esters were obtained from Sigma Chemical Co. (St. Louis). All other reagents were analytical grade products from Merck (Darmstadt, West Germany).
Drosophila mojavensis Stocks
The laboratory stocks A426-1OOa and BI-86P of D. mojavensis were used. The stocks have been described by . Stock A426-1OOa is homozygous for the 1OOa allele and stock BI-86P for the 86p allele of esterase-4. The a and p indicate substrate preferences for l-and 2-naphthyl esters, respectively, as found by enzyme-specific histochemical staining on polyacrylamide gels. The stocks were a gift from E. Zouros (Halifax, Nova Scotia).
Purification of the Allozymes
Larvae, predominantly those in their last instar, were washed with demineralized water and stored at -20 C until used. Both allozymes of esterase-4 were purified from the stocks homozygous for an ahozyme by immunoaffinity chromatography followed by anion-exchange high-performance liquid chromatography as described for the 100~~ allozyme (Pen et al. 1986 ). Homogeneity in esterase activity was checked using non-denaturing gel electrophoresis. Following electrophoresis the gels were stained for esterase activity (Pen et al. 1984) . Protein homogeneity was checked using sodium dodecyl sulfate-polyacrylamide gel electrophoresis, according to the method of Laemmli ( 1970) , on gels containing 10% polyacrylamide.
Kinetic Analyses
Initial rate velocities were determined with a continuous spectrophotometric assay in which the rate of hydrolysis was followed by determining the release of naphthol from the absorbance at 235 nm (Mastropaolo and Yourno 198 1) . The molar extinction coefficients of l-and 2-naphthol were determined to be 25,400 and 14,800 M-' cm-', respectively. Esterase-4 activity was measured with 4.4-6.3 nM 1OOa allozyme or 6% 17.0 nM 86p allozyme at 37 C in 0.04 M sodium phosphate buffer, pH 7.0. The substrate concentrations were evenly spaced from -0.2-5 X KM. Enzyme concentrations were determined by amino acid analyses and based on subunit molecular weight. These enzyme concentrations were used to determine kat values from the V,, values. Determination of kinetic parameters with the same allozyme from different purifications did give comparable results, indicating that, if any inactive enzyme is present, the amount is similar in different preparations. Reactions were started by adding the enzyme solution into a l-ml cuvette containing the assay mixture. KM and V,,, values were determined by fitting the data to a simple Michaelis-Menten model. The data were determined by the nonparametric direct-linear-plot procedure (Eisenthal and Cornish-Bowden 1974) . SEs of estimates were calculated with the formulas given by Wilkinson ( 196 1) .
Amino Acid Analyses
Samples were hydrolyzed in evacuated sealed tubes, using constantly boiling HCl for 24 h at 110 C. Amino acid analyses were performed on a Kontron Liquimat III analyzer.
Results
The purification resulted in allozymes that were homogeneous in terms of esterase activity (not shown) as well as in terms of protein ( fig. 1) . Additional evidence for homogeneity of esterase-4 as determined by this method has been described before (Pen et al. 1986 ). Figure 1 also shows that the subunit molecular weights of the two allozymes are identical and between 62,000 and 64,000. The amino acid compositions of the two allozymes show no significant differences (table 2) .
The kinetic parameters are given in table 1. The 86p allozyme strongly prefers 2-naphthyl esters over 1-naphthyl esters. It is 10 times more specific for 2-than for I-naphthyl propionate, and even 37 times more specific for 2-than for l-naphthyl acetate. These effects are mainly determined by differences in KrYl , and only to a small extent by differences in kat. In contrast with the 86p allozyme, the 1OOa allozyme does not display as strong a substrate preference: this allozyme is slightly more specific for I-naphthyl propionate than for 2-naphthyl propionate, because of small differences in kat. The specificities for I-and 2-naphthyl acetate are about the same. The main differences between the two allozymes are in the KM values for 1-naphthyl esters, whereas the differences in bt are small. The &JKM values of the 1OOa allozyme for 1 -naphthyl acetate and 1 -naphthyl propionate are, respectively, 23-and 9-fold higher than those of the 86/3 allozyme. Compared with the 86p allozyme, the 1OOa allozyme of differences in the kat as well as in the KM. The differences between the allozymes lie in their specificity for I-naphthyl esters. Compared to the 86g allozyme, the 1OOa allozyme has acquired the ability to hydrolyze 1 -naphthyl esters because of an increased affinity. In other words, the 1OOa allozyme has a decreased selectivity for the 2-position on the naphthyl ring. If a highly polymorphic enzyme such as esterase-4 is a "multi- substrate" enzyme, as suggested by Gillespie and Langley ( 1974) , the loss of selectivity may be an advantage. On the other hand, temporary loss of selectivity may occur during the transition toward absolute specificity for a new substrate.
The in vivo substrate of esterase-4 in unknown. However, the high specificity constant of -lo8 M-l min-' (table 1) suggests that the in vivo substrate (or substrates!) must bear some resemblance to the naphthyl esters used in this study. The physiological significance of the differences in the kinetic properties between the allozymes remains obscure until the in vivo substrate and function are known. The massive shift in the specificity suggests a physiological basis and would justify intensive study of the in vivo substrate and function. A cuticle esterase, such as esterase-4, may hydrolyze toxic esters produced by the host cactus or by the microorganisms living on these cacti. Since the in vivo substrate most likely resembles the substrates used in this study (see above), this may be the clue for the identification of such substances. East (1982) has found 2-phenylethylacetate in Opuntia rots, the habitat of the closely related D. buzzatii. The absence of alleles coding for enzymes with a preference for I-naphthyl esters in stocks originating from the mainland suggests some correlation with differences in the environment.
The difference in catalytic efficiency and substrate preference between the esterase-4 allozymes may be correlated with the different cactus habitats (i.e., cactus chemistry) on mainland and peninsula.
Although the in vivo substrate of esterase-4 and its concentration are unknown, it is unlikely that the catalytic efficiency is determined by bt, since saturating substrate levels are improbable in vivo. For this reason k&KM, which is the rate-determining parameter at low substrate concentrations, usually is a better indicator of catalytic efficiency Hall 1985) . This means not only that the substrate specificity has changed but also that the catalytic efficiency of the 1OOa allozyme for 1-naphthyl esters has increased compared to that of the 86p allozyme.
The differences in primary structure between allozymes are generally small (Ramshaw et al. 1979; Retzios and Thatcher 1979) . Differences probably arise from a single or a few point mutations, of which a very limited number result in an amino acid replacement (Kreitman 1983) . The esterase-4 allozymes seem to be no exception. The subunit molecular weights of the two allozymes are the same ( fig. l) , and the amino acid compositions are not significantly different (table 2) . Pilot experiments with limited proteolysis confirm the resemblance in amino acid sequence (not shown).
Generally, point mutations have effects on the activity of a protein ranging from slightly negative to fatal-as demonstrated, for instance, by mutant hemoglobins. If the effects are not negative, then the small differences in primary structure usually give rise either to no or only small increases in catalytic efficiency or to small changes in substrate specificity (Place and Powers 1979, 1984; Mane et al. 1983 ). Differences in substrate specificity between allozymes are rare, and differences as large as those found in the present study are exceptional, even with enzymes selected for new substrates (Hall and Knowles 1976; Hall and Zuzel 1980; Hall 198 1; Thurberville and Clarke 198 1) .
